Background: The mechanism of the development of acquired inguinal hernia, especially indirect inguinal hernia, is not well known. Although anatomical studies have been performed to explain development of inguinal hernia, they have mainly involved autopsy or temporal findings at the time of hernioplasty. To elucidate the pattern of development of acquired inguinal hernia, we studied the occurrence of inguinal hernia after robotic-assisted laparoscopic prostatectomy (RALP). Methods: From March 2009 to November 2011, RALP for prostatic cancer was performed on 60 patients in our institute. The RALP was performed by one urologist using the da Vinci Surgical System. The postsurgical development of inguinal hernia was diagnosed based on patients' symptoms. Seven patients were treated with laparoscopic hernioplasty, and one underwent mesh-plug repair. Using video recordings, the laparoscopic findings during RALP and laparoscopic hernioplasty were compared among all patients. Results: Seven of 59 patients (11.9%) developed an inguinal hernia. One patient had a pre-existing pantaloon inguinal hernia at the time of RALP. Eleven inguinal lesions in the seven patients who underwent laparoscopic hernioplasty were reviewed, and all were indirect inguinal hernias. Conclusion: A main factor in the development of inguinal hernia after RALP could be a combination of outer-side intact layers and inner-side hard scar of the inguinal ring, which seems like "out swing door".
Introduction
Acquired inguinal hernia is common. However, the mechanism of its development, especially indirect inguinal hernia, is not well known. One reason for this is the difficulty in defining the etiology. The factors associated with the development of inguinal hernia are considered to be an increase in abdominal pressure with dehiscence of the abdominal wall, which may be related to injury, or attenuation of the inguinal wall [1] .
The causes of acquired hernia are physiological actions or exercises such as coughing and straining. Moreover, external pressure, some surgical procedures, and even geriatric attenuation may be additional causes. However, the cause of most acquired inguinal hernias is undefined because most are subjectively detected by patients' symptoms and may develop long time after the cause. From an anatomical aspect, injury to or attenuation of the posterior wall of the inguinal canal, the presence of a patent processus vaginalis (PPV), failure of the shutter mechanism, and dilatation of the inguinal ring have been described as factors associated with the development of inguinal hernias [2] . Many anatomical studies have been performed using autopsy and intraoperative surgical findings. However, the findings in these studies are temporal; studies revealing the direct pre-development and post-development findings of inguinal hernia are lacking.
Among the causes of acquired inguinal hernia, prostatectomy is one of the most studied [3] . The etiology has been defined, and postprostatectomy inguinal hernia is considered to be an aggravating complication. The anatomical factors of inguinal hernia after prostatectomy have been described as PPV and injury to the posterior rectal sheath [3] . However, the factors that may contribute to the development of inguinal hernia after robotic-assisted laparoscopic prostatectomy (RALP) are still unclear.
Therefore, we studied the development of inguinal hernia after RALP by chronological video-recorded inguinal observations at the time of RALP and laparoscopic hernioplasty. Comparing our observations before and after the development inguinal hernia, we considered the mechanisms of and factors associated with acquired inguinal hernia.
Patients and Methods
From March 2009 to November 2011, RALP for prostatic cancer was performed on 60 patients in our institute. The RALP was performed by one urologist using the da Vinci Surgical System (Intuitive Surgical Inc., Sunnyvale, CA, USA). During the procedure, three ports were added by an assistant surgeon. After the robotic settings, the peritoneal incision was started between the lateral umbilical fold and inferior epigastric vessels, and peritoneal dissection continued toward the midline. Therefore, the operative field during the RALP did not invade the internal inguinal ring.
The patients' clinicopathological data are shown in Table 1 . Data on inguinal hernias after RALP, which were detected by symptoms such as inguinal swelling or pain, were gathered without concern about the presence of an inguinal hernia before RALP. Most symptoms were inguinal swelling and pain. The inguinal hernia development times after RALP were also evaluated in all patients with the exception of one, who had already an inguinal hernia before RALP.
Our procedure for inguinal hernia repair was mainly laparoscopic hernioplasty using a modified intraperitonealonlay method [4] with C-QUR Edge (Atrium Medical Corporation, Hudson, NH, USA); specifically, transabdominal preperitoneal patch repair without peritoneal reconstruction. Open methods were performed using mesh and plugs.
The inguinal regions were retrospectively reviewed using videos during RALP and laparoscopic hernioplasty. On the RALP videos, the presence of a processus vaginalis or inguinal hernia was observed if the inguinal regions were recorded in the video. Surgical interventions involving the inguinal posterior wall were also observed.
On the laparoscopic hernioplasty videos, the inguinal region, which included the presence, type, and location of the inguinal hernia, was observed. A comparison of the inguinal regions was then performed (Figure 1,  Figure 2 ). All hernias were classified according to the European Hernia Society classification [5] .
Statistical analysis was performed using R 2.12 software. Numerical data were given as median and range, and categorical variables were expressed by number (n). Continuous variables were compared using the Student's t-test, and frequency analysis was performed with Fisher's exact test. Differences were assessed with twosided tests, with an alpha level of 0.05. 
Results
Sixty patients were evaluated during the study period ( Table 1) . Seven patients (7/59, 11.9%) developed an inguinal hernia. One patient had a pantaloon inguinal hernia and underwent RALP without hernioplasty for economic reasons. The eight patients who had inguinal hernias after RALP were reviewed by RALP surgical videos, and seven of them underwent laparoscopic hernioplasty ( On the video reviews of the inguinal region, all patients had hard scar formation on the inner side of the inferior epigastric vessels. There was no injuries to the posterior rectus sheath occurred during RALP. Two patterns of inguinal hernia development were observed. First, the presence of a processus vaginalis during RALP was confirmed in eight patients. Similarity of the processus vaginalis and the developed hernia were confirmed by using video images chronologically (Figure 1) . In the patients who had a processus vaginalis, less widening of the inguinal ring but deepening of the hernia sac were found.
On the other hand, at least two patients with newly developed inguinal hernias had no processus vaginalis at RALP. These hernial sacs had a cuff scar at the orifice (Figure 2, arrow) , while those scar was not detected in the group with a processus vaginalis.
Discussion
In the present study, the acquired inguinal hernias were all indirect hernias that had a surgical scar inner side of the hernia. Most of them had PPV previously, however, new development of inguinal hernias without PPV was also detected.
PPV is concerned to be a factor associated with acquired inguinal hernia [6] . In the present study, most acquired hernias were coexistent with PPV. However, asymptomatic PPV does occur [2] . One laparoscopic observational study showed that a PPV was not always congenital, but was acquired [1] . Acquired PPV may result from the tendency to develop an inguinal hernia, such as in cases of inguinal wall attenuation. In any case, the existence of PPV has been proven to be associated with development of acquired inguinal hernia [7] . Therefore, PPV must be a correlation factor of the development of inguinal hernia, however, it could not be defined as a causation.
Another finding of the study was surgical scar adjoining to the inner side of acquired hernia. The relation between the surgical scar and developing inguinal hernia was considered. On the kinetic aspect, a surgical scar by RALP was observed at the inner side of the internal inguinal ring. Thus, the sling of the transversalis fascia was fixed and would not be mobilized [8] , which resulted in failure of the shutter mechanism. Therefore, the intraabdominal pressure could make herniation at the inguinal ring.
On the anatomical aspect, abdominal wall of the inguinal region is protected by the transversalis fascia against hernia development [9] . However, the inguinal ring has a gap of the transversalis fascia, because all the layers of the abdominal wall are protruded at the internal inguinal ring [10] [11] . Therefore, the gap must be a vulnerable point at the inguinal region without attenuation of the transversalis fascia.
These arguments raise the consideration about the contents of the gap of the transversalis fascia. The gap is filled with a folding membranous layer, which is the lining layers of the transversalis fascia, such as the peritoneum and preperitoneal membranes. Sometimes, an inguinal lipoma is found among the layers in the gap [12] . Those membranes are thin and each connection among layers is loose, so they are easy to tear and split. Therefore, the inguinal ring must be vulnerable to abdominal pressure and may develop acquired inguinal hernia. In fact, acquired inguinal hernias, which had no PPV previously, were observed a cuff scar at the orifice as a mark of tearing.
According to these considerations, intact layers accompanied with the adjoining surgical scar at the inguinal ring are one of the conditions of developing indirect hernia. The core concept of this is multiple layers with disturbance of shutter mechanism. Therefore, even if some layers were adhered, other layers can be easily split to develop an indirect hernia. Such a development of indirect inguinal hernia seems like an "outswing door".
The present study was retrospective in nature and included a small number of cases. However, meticulous observations and chronological findings of acquired inguinal hernia, as described herein, are scarce. Furthermore, this clearly explanation of acquired indirect inguinal hernia, "outswing door" has never been described.
In the present study, indirect inguinal hernias were developed after RALP. The important factor would be not only the surgical scar at the inner side of the inguinal ring, but also intact layers of the outer side. From this consideration, post prostatectomy state tends to be developed indirect inguinal hernia. Furthermore, prevention of inguinal hernia after prostatectomy has been studied in terms of surgical intervention involving the internal inguinal ring [13] - [15] . Previously described procedures include dissection [13] , ligation of the processus vaginalis [14] , and figure-8 suturing [15] . Regardless of the kinds of procedures, a common result of these procedures implies fixation of the layers at the inguinal ring. Thus, the concept of "outswing door" can be applied to prevention surgery of such acquired hernia.
Based on the present study, a prospective study to prevent acquired inguinal hernia after RALP is conducted.
